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Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims priority to US
provisional application serial no. 61/325,806 filed April
19, 2010.

FIELD

[0002] The present application generally relates to da-
ta compression and, in particular, to an encoder, a de-
coder and methods of entropy coding finite alphabet
sources.

BACKGROUND

[0003] Data compression, whether lossy or lossless,
often uses entropy coding to encode a decorrelated sig-
nal as a sequence of bits, i.e. a bitstream. Efficient data
compression has a wide range of applications, such as
image, audio, and video encoding. The current state-of-
the-art for video encoding is the ITU-T H.264/MPEG AVC
video coding standard. It defines a number of different
profiles for different applications, including the Main pro-
file, Baseline profile and others.
[0004] There are a number of standards and industry
formats for encoding/decoding images and videos, in-
cluding H.264, which employ lossy compression proc-
esses to produce binary data. For example, H.264 in-
cludes a prediction operation to obtain residual data, fol-
lowed by a DCT transform and quantization of the DCT
coefficients. The resulting data, including quantized co-
efficients, motion vectors, coding mode, and other related
data, is then entropy coded to generate a bitstream of
data for transmission or storage on a computer-readable
medium.
[0005] A number of coding schemes have been devel-
oped to encode binary data. For example, JPEG images
may be encoded using Huffman codes. The H.264 stand-
ard allows for two possible entropy coding processes:
Context Adaptive Variable Length Coding (CAVLC) or
Context Adaptive Binary Arithmetic Coding (CABAC).
CABAC results in greater compression than CAVLC, but
CABAC is more computationally demanding. Some in-
dustry formats include a context adaptive arithmetic en-
tropy coding scheme. Other standards can be the HEVC,
SVC, 3DV standards. In any of these cases, the coding
scheme operates upon the binary data to produce a serial
bitstream of encoded data. At the decoder, the decoding
scheme receives the bitstream and entropy decodes the
serial bitstream to reconstruct the binary data.
[0006] It would be advantageous to provide for an im-
proved encoder, decoder and method of entropy coding.
[0007] GB2319689 discloses an entropy encoder com-
prising a bit reordering means that reorders the input data
prior to passing it to the context modelling section. The
reordering means is designed to reorder the input bits so

that a context of a given bit is independent of other bits
being processed in other sections of the encoder when
said given bit is being processed in a context encoding
section. The context modelling section outputs the input
data together with a context of the data input and passes
these pairs to a context sensitive encoder. This encoder,
which may either be a pipeline or a parallel encoder, in-
cludes multiple stages at least one of which generates
codewords based on the probability estimates of input
bits given their paired context; the codewords are com-
pressed versions of the input bits. This arrangement in-
creases the speed of processing by ensuring that all the
bits required to code a given codeword are available at
the time the codeword is to be generated.
[0008] US 5,381,145 provides a method and appara-
tus for encoding and decoding data in parallel.

SUMMARY

[0009] Accordingly there is provided a method, an en-
coder and a computer program as detailed in each of the
independent claims. Advantageous features are in the
dependent claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Reference will now be made, by way of exam-
ple, to the accompanying drawings which show example
embodiments of the present application, whereby em-
bodiments relating to a decoding method or a decoder
are not part of the invention, and in which:

Figure 1 shows, in block diagram form, an encoder
for encoding video;

Figure 2 shows, in block diagram form, a decoder
for decoding video;

Figure 3 shows a block diagram of an encoding proc-
ess;

Figure 4 shows, in block diagram form, an example
encoder in accordance with an aspect of the present
application;

Figure 5 shows, in block diagram form, an example
decoder in accordance with an aspect of the present
application;

Figure 6 shows, in flowchart form, an example meth-
od of encoding an input sequence of symbols using
parallel entropy coders;

Figure 7 shows, in flowchart form, an example meth-
od of decoding a bitstream of encoded data using
parallel entropy decoders;

Figure 8 shows a simplified block diagram of an ex-
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ample embodiment of an encoder;

Figure 9 shows a simplified block diagram of an ex-
ample embodiment of a decoder;

Figure 10 shows, in flowchart form, a method for re-
ordered parallel encoding of an input sequence; and

Figure 11 shows, in flowchart form, a method for re-
ordered parallel decoding of an encoded bitstream.

[0011] Similar reference numerals may have been
used in different figures to denote similar components.

DESCRIPTION OF EXAMPLE EMBODIMENTS

[0012] In one aspect, the present application describes
a method for encoding of an input sequence of bits. The
method includes reordering the input sequence into
groups of input bits in accordance with a predetermined
reordering schedule; for each group of input bits, deter-
mining, in parallel, a context for each of the input bits in
the group of input bits and associating a probability with
that bit based on its context, wherein the context for each
of the input bits in the group is different from the context
of each of the other input bits in the group, and the context
of each of the input bits in the group is determined inde-
pendently from the other input bits in the group; and en-
tropy encoding the input bits to generate an encoded
subsequence.
[0013] In another aspect, the present application de-
scribes an encoder for encoding an input sequence of
symbols. The encoder includes a processor; memory;
and an encoding application stored in memory and con-
taining instructions for configuring the processor to en-
code the input sequence in accordance with the method
described above.
[0014] In yet a further aspect, the present application
describes a method for decoding method for decoding a
bitstream of encoded data to reconstruct a sequence of
bits. The method includes decoding the bitstream of en-
coded data to produce decoded groups of bits, wherein,
for each group of bits, the decoding to produce that group
of bits includes determining a context for each bit in that
group of bits and associating a probability with that bit
based on its context, and wherein the context for each
of the bits in that group of bits is different from the context
of each of the other bits in that group, and the context of
each of the bits in that group is determined independently
from each of the other bits in that group; and reordering
the bits of the groups of bits based on a predetermined
reordering schedule to produce the reconstructed se-
quence of bits.
[0015] In yet a further aspect, the present application
describes a decoder for decoding encoded data for de-
coding a bitstream of encoded data to reconstruct a se-
quence of symbols. The decoder includes a processor;
memory; and a decoding application stored in memory

and containing instructions for configuring the processor
to decode the bitstream in accordance with the method
described above.
[0016] In another aspect, the present application de-
scribes a computer-readable medium containing compu-
ter-executable instruction that, when executed, configure
a processor to perform one or more methods described
herein.
[0017] Other aspects and features of the present ap-
plication will be understood by those of ordinary skill in
the art from a review of the following description of ex-
amples in conjunction with the accompanying figures.
[0018] The following description relates to data com-
pression in general and, in particular, to the efficient par-
allel encoding of finite alphabet sources, such as a binary
source. In many of the examples given below, particular
applications of such an encoding and decoding scheme
are given. For example, many of the illustrations below
make reference to video coding. It will be appreciated
that the present application is not limited to video coding
or image coding.
[0019] In the description that follows, example embod-
iments are described with reference to the H.264 stand-
ard. Those ordinarily skilled in the art will understand that
the present application is not limited to H.264 but may
be applicable to other video coding/decoding standards.
It will also be appreciated that the present application is
not necessarily limited to video coding/decoding and may
be applicable to coding/decoding of any binary sources.
[0020] In the description that follows, in the context of
video applications the terms frame and slice are used
somewhat interchangeably. Those of skill in the art will
appreciate that, in the case of the H.264 standard, a
frame may contain one or more slices. It will also be ap-
preciated that certain encoding/decoding operations are
performed on a frame-by-frame basis and some are per-
formed on a slice-by-slice basis, depending on the par-
ticular requirements of the applicable video coding stand-
ard. In any particular embodiment, the applicable video
coding standard may determine whether the operations
described below are performed in connection with frames
and/or slices, as the case may be. Accordingly, those
ordinarily skilled in the art will understand, in light of the
present disclosure, whether particular operations or
processes described herein and particular references to
frames, slices, or both are applicable to frames, slices,
or both for a given embodiment.
[0021] Reference is now made to Figure 1, which
shows, in block diagram form, an encoder 10 for encoding
video. Reference is also made to Figure 2, which shows
a block diagram of a decoder 50 for decoding video. It
will be appreciated that the encoder 10 and decoder 50
described herein may each be implemented on an appli-
cation-specific or general purpose computing device,
containing one or more processing elements and mem-
ory. The operations performed by the encoder 10 or de-
coder 50, as the case may be, may be implemented by
way of application-specific integrated circuit, for exam-
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ple, or by way of stored program instructions executable
by a general purpose processor. The device may include
additional software, including, for example, an operating
system for controlling basic device functions. The range
of devices and platforms within which the encoder 10 or
decoder 50 may be implemented will be appreciated by
those ordinarily skilled in the art having regard to the fol-
lowing description.
[0022] The encoder 10 receives a video source 12 and
produces an encoded bitstream 14. The decoder 50 re-
ceives the encoded bitstream 14 and outputs a decoded
video frame 16. The encoder 10 and decoder 50 may be
configured to operate in conformance with a number of
video compression standards. For example, the encoder
10 and decoder 50 may be H.264/AVC compliant. In other
embodiments, the encoder 10 and decoder 50 may con-
form to other video compression standards, including ev-
olutions of the H.264/AVC standard.
[0023] The encoder 10 includes a spatial predictor 21,
a coding mode selector 20, transform processor 22,
quantizer 24, and entropy coder 26. As will be appreci-
ated by those ordinarily skilled in the art, the coding mode
selector 20 determines the appropriate coding mode for
the video source, for example whether the subject
frame/slice is of I, P, or B type, and whether particular
macroblocks within the frame/slice are inter or intra cod-
ed. The transform processor 22 performs a transform
upon the spatial domain data. In particular, the transform
processor 22 applies a block-based transform to convert
spatial domain data to spectral components. For exam-
ple, in many embodiments a discrete cosine transform
(DCT) is used. Other transforms, such as a discrete sine
transform or others may be used in some instances. Ap-
plying the block-based transform to a block of pixel data
results in a set of transform domain coefficients. The set
of transform domain coefficients is quantized by the
quantizer 24. The quantized coefficients and associated
information, such as motion vectors, quantization param-
eters, etc., are then encoded by the entropy coder 26.
[0024] Intra-coded frames/slices (i.e. type I) are encod-
ed without reference to other frames/slices. In other
words, they do not employ temporal prediction. However
intra-coded frames do rely upon spatial prediction within
the frame/slice, as illustrated in Figure 1 by the spatial
predictor 21. That is, when encoding a particular block
the data in the block may be compared to the data of
nearby pixels within blocks already encoded for that
frame/slice. Using a prediction algorithm, the source data
of the block may be converted to residual data. The trans-
form processor 22 then encodes the residual data. H.264,
for example, prescribes nine spatial prediction modes for
4x4 transform blocks. In some embodiments, each of the
nine modes may be used to independently process a
block, and then rate-distortion optimization is used to se-
lect the best mode.
[0025] The H.264 standard also prescribes the use of
motion prediction/compensation to take advantage of
temporal prediction. Accordingly, the encoder 10 has a

feedback loop that includes a de-quantizer 28, inverse
transform processor 30, and deblocking processor 32.
These elements mirror the decoding process implement-
ed by the decoder 50 to reproduce the frame/slice. A
frame store 34 is used to store the reproduced frames.
In this manner, the motion prediction is based on what
will be the reconstructed frames at the decoder 50 and
not on the original frames, which may differ from the re-
constructed frames due to the lossy compression in-
volved in encoding/decoding. A motion predictor 36 uses
the frames/slices stored in the frame store 34 as source
frames/slices for comparison to a current frame for the
purpose of identifying similar blocks. Accordingly, for
macroblocks to which motion prediction is applied, the
"source data" which the transform processor 22 encodes
is the residual data that comes out of the motion predic-
tion process. The residual data is pixel data that repre-
sents the differences (if any) between the reference block
and the current block. Information regarding the refer-
ence frame and/or motion vector may not be processed
by the transform processor 22 and/or quantizer 24, but
instead may be supplied to the entropy coder 26 for en-
coding as part of the bitstream along with the quantized
coefficients.
[0026] Those ordinarily skilled in the art will appreciate
the details and possible variations for implementing
H.264 encoders.
[0027] The decoder 50 includes an entropy decoder
52, dequantizer 54, inverse transform processor 56, spa-
tial compensator 57, and deblocking processor 60. A
frame buffer 58 supplies reconstructed frames for use by
a motion compensator 62 in applying motion compensa-
tion. The spatial compensator 57 represents the opera-
tion of recovering the video data for a particular intra-
coded block from a previously decoded block.
[0028] The bitstream 14 is received and decoded by
the entropy decoder 52 to recover the quantized coeffi-
cients. Side information may also be recovered during
the entropy decoding process, some of which may be
supplied to the motion compensation loop for use in mo-
tion compensation, if applicable. For example, the entro-
py decoder 52 may recover motion vectors and/or refer-
ence frame information for inter-coded macroblocks.
[0029] The quantized coefficients are then dequan-
tized by the dequantizer 54 to produce the transform do-
main coefficients, which are then subjected to an inverse
transform by the inverse transform processor 56 to rec-
reate the "video data". It will be appreciated that, in some
cases, such as with an intra-coded macroblock, the rec-
reated "video data" is the residual data for use in spatial
compensation relative to a previously decoded block
within the frame. The spatial compensator 57 generates
the video data from the residual data and pixel data from
a previously decoded block. In other cases, such as inter-
coded macroblocks, the recreated "video data" from the
inverse transform processor 56 is the residual data for
use in motion compensation relative to a reference block
from a different frame. Both spatial and motion compen-
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sation may be referred to herein as "prediction opera-
tions".
[0030] The motion compensator 62 locates a reference
block within the frame buffer 58 specified for a particular
inter-coded macroblock. It does so based on the refer-
ence frame information and motion vector specified for
the inter-coded macroblock. It then supplies the refer-
ence block pixel data for combination with the residual
data to arrive at the recreated video data for that mac-
roblock.
[0031] A deblocking process may then be applied to a
reconstructed frame/slice, as indicated by the deblocking
processor 60. After deblocking, the frame/slice is output
as the decoded video frame 16, for example for display
on a display device. It will be understood that the video
playback machine, such as a computer, set-top box, DVD
or Blu-Ray player, and/or mobile handheld device, may
buffer decoded frames in a memory prior to display on
an output device.
[0032] Entropy coding is a fundamental part of all loss-
less and lossy compression schemes, including the video
compression described above. The purpose of entropy
coding is to represent a presumably decorrelated signal,
often modeled by an independent, but not identically dis-
tributed process, as a sequence of bits. The technique
used to achieve this must not depend on how the decor-
related signal was generated, but may rely upon relevant
probability estimations for each upcoming symbol.
[0033] There are two common approaches for entropy
coding used in practice: the first one is variable-length
coding, which identifies input symbols or input sequences
by codewords, and the second one is range (or arithme-
tic) coding, which encapsulates a sequence of subinter-
vals of the [0, 1) interval, to arrive at a single interval,
from which the original sequence can be reconstructed
using the probability distributions that defined those in-
tervals. Typically, range coding methods tend to offer bet-
ter compression, while VLC methods have the potential
to be faster. In either case, the symbols of the input se-
quence are from a finite alphabet.
[0034] A special case of entropy coding is when the
input alphabet is restricted to binary symbols. Here VLC
schemes must group input symbols together to have any
potential for compression, but since the probability dis-
tribution can change after each bit, efficient code con-
struction is difficult. Accordingly, range encoding is con-
sidered to have greater compression due to its greater
flexibility, but practical applications are hindered by the
higher computational requirements of arithmetic codes.
[0035] A common challenge for both of these encoding
approaches is that they are inherently serial in nature. In
some important practical applications, such as high-qual-
ity video decoding, the entropy decoder has to reach very
high output speed, which can pose a problem for devices
with limited processing power or speed.
[0036] One of the techniques used in some entropy
coding schemes, such as CAVLC and CABAC, both of
which are used in H.264/AVC, is context modeling. This

technique can be used in other context adaptive entropy
coding schemes. With context modeling, each bit of the
input sequence has a context, where the context is given
by the bits that preceded it or side information available
to both the encoder and the decoder. In a first-order con-
text model, the context may depend entirely upon the
previous bit (symbol). In many cases, the context models
may be adaptive, such that the probabilities associated
with symbols for a given context may change as further
bits of the sequence are processed.
[0037] Reference is made to Figure 3, which shows a
block diagram of an encoding process 100. The encoding
process 100 includes a context modeling component 104
and an entropy coder 108. The context modeling com-
ponent 104 receives the input sequence x 102, which in
this example is a bit sequence (b0, b1, ..., bn). The context
modeling component 104 determines a context for each
bit bi based on one or more previous bits in the sequence,
and determines, based on the adaptive context model,
a probability pi associated with that bit bi, where the prob-
ability is the probability that the bit will be the Least Prob-
able Symbol (LPS). The LPS may be "0" or "1" in a binary
embodiment, depending on the convention or applica-
tion. The context modeling component outputs the input
sequence, i.e. the bits (b0, b1, ..., bn) along with their re-
spective probabilities (p0, p1, ..., pn). The probabilities are
an estimated probability determined by the context mod-
el. This data is then input to the entropy coder 106, which
encodes the input sequence using the probability infor-
mation. For example, the entropy coder 106 may be a
binary arithmetic coder. The entropy coder 106 outputs
a bitstream 108 of encoded data.
[0038] It will be appreciated each bit of the input se-
quence is processed serially to update the context model,
and the serial bits and probability information are sup-
plied to the entropy coder 106, which then serially entropy
codes the bits to create the bitstream 108. Those ordi-
narily skilled in the art will appreciate that, in some em-
bodiments, explicit probability information may not be
passed from the context modeling component 104 to the
entropy coder 106; rather, in some instances, for each
bit the context modeling component 104 may send the
entropy coder 106 an index or other indicator that reflects
the probability estimation made be the context modeling
component 104 based on the context model and the cur-
rent context of the input sequence 102. The index or other
indicator is indicative of the probability estimate associ-
ated with its corresponding bit.
[0039] In accordance with one aspect, the present ap-
plication proposes an encoder and decoder having a par-
allel processing architecture for entropy coding and de-
coding. The architecture includes a context modeling
component which, for each bit of the input sequence,
determines an estimated probability based on the context
model. The context modeling component assigns each
bit to one of N "sources" based on its estimated proba-
bility. In this manner, each of the N sources builds up a
subsequence of bits assigned to it. Each of the N subse-
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quences is then entropy coded by its own entropy en-
coder in parallel to generate a bitstream. The N bit-
streams are then combined to form a single bitstream.
Indexing data is added to the single bitstream to enable
the decoder to demultiplex the single bitstream into the
N bitstreams.
[0040] At the decoder, the signal bitstream is demulti-
plexed to obtain the N bitstreams, which are then entropy
decoded in parallel to recover the N subsequences. The
bits of the N subsequences are then interleaved in ac-
cordance with the context model to reconstruct the input
sequence.
[0041] Reference is now made to Figure 4, which
shows, in block diagram form, an example encoder 200.
The encoder 200 receives an input sequence x 102,
which in this example is a binary sequence. The encoder
200 outputs a bitstream 208 of encoded data.
[0042] The encoder 200 includes a context modeling
component and demultiplexer 204. The context modeling
component and demultiplexer 204 generate N subse-
quences (b1, b2, ..., bN) using a context model. In partic-
ular, for each bit of the input sequence x 102, its context
is determined using the context model and, based on its
context, an estimated probability is determined and as-
sociated with the bit. Each bit is then assigned to one of
the N subsequences based on its associated estimated
probability. In one example embodiment, there are N
probabilities pi (i = 0, 1, ..., N-1) defined by the context
model and N subsequences; however, in some example
embodiments there may be fewer subsequences than
probabilities, meaning that bits associated with some
probabilities may be assigned to the same subsequence.
In some embodiments, there may be more subsequenc-
es that probabilities, meaning that some bits having the
same associated probability may be split among two or
more subsequences.
[0043] The N subsequences may be considered sep-
arate "sources". Accordingly, the terms "source" and
"subsequence" may be used interchangeably herein. To
the extent that the present application refers to a bit being
"assigned" or "allocated" to a source, it indicates that the
bit has been added to or appended to a subsequence
associated with a particular probability estimation.
[0044] The context model may be static or may be
adaptive. It will be understood that in the case of some
sequences, in particular a binary sequence, an adaptive
context model is likely to result in better performance
than a static model.
[0045] The encoder 200 includes N parallel entropy
coders 206 (individually labeled as 206-1, 206-2, ..., 206-
N). Each entropy coder 206 encodes one of the subse-
quences to produce an encoded subsequence bitstream
210 (individually labeled as 210-1, 210-2, ..., 210-N). The
encoded subsequence bitstreams 210 are then com-
bined into a single bitstream 208 using, for example, a
multiplexer 207. In this example, the encoded subse-
quence bitstreams 210 are multiplexed together to create
the bitstream 208 by concatenating the subsequence bit-

streams 210 and adding indexing information to the bit-
stream 208 to enable the decoder to identify the start of
each encoded subsequence bitstream 210 in the single
bitstream 208.
[0046] The entropy coders 206 may use any arbitrary
entropy coding scheme for encoding the subsequences.
In one example, the entropy coders may be order-0 loss-
less encoders. In a further example, the entropy coders
206 may employ a binary arithmetic coding scheme. In
another example, the entropy coders 206 may employ a
static k-bit Huffman code scheme. Yet other possibilities
will be understood by those skilled in the art.
[0047] In yet further example embodiments, the entro-
py coders 206 may not all employ the same coding
scheme. For example, one of the entropy coders 206
may use a static Huffman code, while another entropy
coder 206 may use a binary arithmetic coding scheme.
The entropy coders 206 are independent in this sense.
In some instances, it might be desirable to encode certain
subsequences associated with particular probabilities
with one coding scheme, while encoding other subse-
quences associated with different probabilities with a dif-
ferent coding scheme.
[0048] Reference is now made to Figure 5, which
shows, in block diagram form, an example decoder 300.
The decoder 300 receives the single bitstream 208 of
encoded data and outputs a reconstructed sequence
310.
[0049] The decoder 300 includes a demultiplexer 302
for parsing the bitstream 208 extracting encoded subse-
quence bitstreams 304 (individually labeled as 304-1,
304-2, ..., 304-N). In an embodiment in which the bit-
stream 208 is formatted to include all the subsequence
bitstreams 304 concatenated, then indexing within the
bitstream 208 may be used by the demultiplexer 302 to
identify the beginning and end locations of the subse-
quence bitstreams 304.
[0050] The decoder 300 further includes N entropy de-
coders 306 (individually labeled 306-1, 306-2, ..., 306-
N). Each entropy decoder 306 receives one of the en-
coded subsequence bitstreams 304, and entropy de-
codes the encoded subsequence bitstream 304 to output
the subsequence bitstream bi, i = 1, 2, .., N. The N sub-
sequence bitstreams from the N entropy decoders 306
are input to a context modeling component and multi-
plexer 308. The context modeling component and multi-
plexer 308 interleaves the symbols (bits) of the N subse-
quence bitstreams to generate the reconstructed se-
quence 310. The interleaving is based on a context model
(the same context model used by the encoder 200), and
using the context model to determine the estimated prob-
ability for a given context. Based on the estimated prob-
ability, the context modeling component and multiplexer
308 is able to identify which subsequence from which to
select the next bit to add to the reconstructed sequence
310. On this basis, the reconstructed sequence 310 is
created, matching the input sequence x 102.
[0051] Reference is now made to Figure 6, which

9 10 



EP 2 561 680 B1

7

5

10

15

20

25

30

35

40

45

50

55

shows, in flowchart form, an example method 400 of en-
tropy encoding an input sequence x. The method 400
begins in step 402 with receipt of the input sequence x.
The input sequence x is a binary sequence B = b1, b2, ...
of binary symbols with probability estimates Pi(bi = 0)
and Pi(bi = 1) = 1 - Pi(0). The probability estimates for
the Least Probable Symbol (LPS) form a finite set: 

[0052] The input sequence x may be considered as N
sources outputting binary symbols using their respective
probabilities in an arbitrary order.
[0053] In the example method 400, an array is initial-
ized with N elements. The array may be an allocation of
memory or registers having an element for each of the
N sources, i.e. an element for collecting bits to build each
of the N subsequences. In one embodiment each ele-
ment may include two fields: a first field collecting sym-
bols associated with its source, and a second field con-
taining a pointer to the next element for the same source.
When the first field is filled with bits, another element is
added to the array for that source. In one embodiment,
the first field is a 32-bit register for collecting symbols
associated with the source.
[0054] Step 406 of the method 400 illustrates the con-
text modeling and demuliplexing operation. In step 406,
for each symbol (bit) of input sequence x, its context is
determined, for example based on one or more previous
bits in the input sequence x, and an estimated probability
for the bit is determined based on its context and the
context model. The bit is then assigned to one of the N
sources based on its estimated probability. In other
words, the bit is saved in the element corresponding to
the source/subsequence associated with the estimated
probability.
[0055] In step 408, after each symbol is processed in
step 406 the context model may be updated, if the context
model is adaptive.
[0056] Steps 406 and 408 repeat on a bit-by-bit basis
to serially process the input sequence x, allocating its
bits amongst the N subsequences based on their esti-
mated probabilities. In step 410, if a flush event is detect-
ed, then the cycling of steps 406 and 408 end. A flush
event may be any trigger event suitable to the application.
For example, in video encoding, the flush event may be
an end-of-frame, or end-of-slice. In image processing,
the flush event may be an end-of-image. In one embod-
iment, the flush event may even be an end-of-macrob-
lock. The flush event may also be based on a threshold
or criteria being met by one or more of the subsequences.
For example, if at least one subsequence exceeds the
threshold number of symbols a flush event may occur.
Other possible flush events will be appreciated by those
ordinarily skilled in the art.
[0057] On occurrence of the flush event in step 410,
the subsequences are supplied to their respective entro-

py coders where they are each entropy coded to produce
respective encoded subsequences, as indicated in step
412. In one example embodiment, the entropy coders
are configured to use static 8-bit Huffman coding to en-
code the subsequences. Other coding schemes, includ-
ing binary arithmetic coding, may alternatively be used.
According to the invention a combination of coding
schemes is used, namely a different coding scheme per
subsequence. It will be appreciated that the entropy cod-
ing of the subsequences in step 412 occurs in parallel
due to the parallel architecture of the entropy coders.
[0058] In step 414, a single bistream is constructed by
multiplexing the N encoded subsequences. In this em-
bodiment, the single bitstream is constructed by concate-
nating the encoded bitstreams in a payload portion of the
bitstream in known order, and providing the bitstream
with a prefix field containing indexing information for iden-
tifying the location of each of the encoded subsequences
in the bitstream.
[0059] It will be appreciated that the steps 406, 408,
410, 412, and 414 may be repeated for multiple frames
or slices in the case of encoding of a video, so as to
generate a bitstream encoding multiple frames.
[0060] It will be appreciated that the encoded subse-
quences may be of different lengths when the flush event
occurs. Accordingly, indexing information in the prefix
field may be provided to pinpoint the location of each
encoded subsequence in the payload portion of the bit-
stream. In some embodiments, the lengths may be en-
coded and placed in the prefix field. For example, the
length of each encoded subsequence k in bytes may be
given by L(k). The prefix code may be defined as:

If n < 128, then C(n) = n << 1;
Else if n < 16512, then C(n) = ((n - 128) << 2)|1;
Else if n < 2113664, then C(n) = ((n - 16512) << 3)|3;
Else C(n) = ((n - 2113664) << 3)|7;
where "<<" is a right shift, and "|" is a bit-wise OR.

[0061] It will be appreciated that there may be an upper
limit on "n", which in this case is L(k). The upper limit in
any given embodiment may be dependent upon the im-
plementation. The upper limit may be set by the maximum
number of bytes that may be used for a given subse-
quence, or by the maximum number of bytes that can be
used for specifying the length of the subsequence. In one
instance, the limit on L(k) is that it must be represented
within four bytes, meaning the size of L(k) is limited by
about 216 + 2113664.
[0062] Using the above-defined prefix code, the head-
er portion of the output bitstream is given by C(L(k)). The
above-defined structure of the prefix code ensures byte-
alignment. It will be understood that the foregoing prefix
code definition employs exponential golomb codes. It will
be appreciated that other suitable coding schemes may
be used for placing indexing information in the header,
including, for example, Elias codes. In yet a further ex-
ample, the indexing information is placed in the prefix
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without encoding.
[0063] At the decoder, the prefix codes are first decod-
ed to identify the lengths of each of the subsequences.
It will be understood that by knowing the lengths of the
subsequences, the decoder is able to identify the start
and end of each subsequence in the payload. The de-
coder is then able to parse the payload field to demuliplex
the payload into individual encoded subsequences. In a
different example embodiment, the indexing information
in the header may specify the locations of the start bit of
each subsequence, although the representation of the
location information is likely to end up being larger than
the length information and thus require a larger number
of bits in the header.
[0064] Reference is now made to Figure 7, which
shows, in flowchart form, a method 500 for decoding a
bitstream of encoded data.
[0065] The method 500 includes receiving the bit-
stream of encoded data in step 502. In some instances,
the bitstream may be read from a computer-readable
storage medium, such as a compact disc (CD), digital
video disc (DVD), Blu-ray disc, or the like. In some in-
stances, the bitstream may be received through a com-
munication link with one or more networks, perhaps in-
cluding the Internet, over a wired or wireless connection.
[0066] In step 504, the decoder reads the prefix field
of the bitstream to extract the indexing information. For
example, in this embodiment, the decoder extracts the
encoded length information L(k) for the N encoded sub-
sequence bitstreams. On the basis of the extracted and
decoded length information, the decoder identifies the
location of the N encoded subsequence bitstreams in the
payload portion of the bitstream. Accordingly, in step 506,
the decoder extracts the encoded subsequences from
the payload field of the bitstream.
[0067] In step 508, the encoded subsequences are en-
tropy decoded in parallel by N parallel entropy decoders.
Each of the entropy decoders receives one of the encod-
ed subsequences, entropy decodes it, and outputs a de-
coded subsequence of symbols.
[0068] In step 510, the N decoded subsequences are
interleaved to form a reconstructed sequence of symbols.
The decoded subsequences are interleaved on the basis
of a context model. In particular, the decoder determines,
based on the context model, an estimated probability for
each bit, and on the basis of the estimated probability it
selects a symbol from the decoded subsequence asso-
ciated with that estimated probability.
[0069] The reconstructed sequence of symbols is then
output in step 512. It will be understood that step 512
may include providing the reconstructed sequence of
symbols to the remaining portions of a video or image
decoder, such as the de-quantization and inverse trans-
form processes within such a decoder.
[0070] At step 506/508, in this embodiment, the decod-
er is able to determine the "source" associated with each
encoded subsequence bitstream within the payload field
on the basis that the "sources" are placed in the field in

a predetermined order. In such an example embodiment,
a source having no symbols outputs a NULL code at the
encoder; or the encoder ensures the prefix specifies a
"zero" length encoded subsequence for that source.
[0071] In another embodiment, the order is not prede-
termined. In one example, the encoder specifies the or-
der and identifies the probabilities associated with each
of the encoded subsequences, for example by placing
such information in the prefix field. In yet another embod-
iment, the probability information may be placed within
the payload field as a prefix or suffix to the encoded sub-
sequence. In yet another example embodiment, an in-
dexing scheme may be used for communicating the order
of the subsequences, without sending explicit probabili-
ties. For example, each coder/decoder may have an in-
dex and the subsequences may each have a header por-
tion specifying its coder/decoder index, which allows the
bitstreamt to avoid the header portion altogether. Other
possibilities will be appreciated by those ordinarily skilled
in the art.
[0072] In some instances, the number d of parallel en-
coding or decoding processing units, i.e. the number of
parallel entropy coders 206 (Fig. 4) or decoders 306 (Fig.
5), may differ from the number N of distinct estimated
probabilities. In one case, the decoder may have fewer
parallel decoders 306 than there are N probabilities. The
decoder may adopt scheduling so as to have one or more
decoders process multiple subsequences, thereby re-
ducing the parallelism to a degree. However, in one case
the encoder, if it knows that the decoder has d < N de-
coders 306, may merge some of the sources/probabilities
so that the number of subsequences generated by the
encoder is no greater than d.
[0073] In another scenario, if the decoder has d > N
decoders 306, then the encoder may split some sourc-
es/probabilities in order to maximize the use of the avail-
able parallel decoders 306.
[0074] In yet another scenario, the encoder does not
know in advance how many parallel decoders 306 are
available in the decoder. In this case, if the decoder has
fewer parallel decoders 306 than the subsequences gen-
erated by the encoder, then the decoder cannot process
all the subsequences in parallel and the decoder may
schedule use of the decoders 306 amongst the subse-
quences.
[0075] For those instances where the number d of par-
allel decoding processing units differ from N, it would be
advantageous to have a mechanism for combining
source outputs (for d < N), or splitting source outputs (for
d > N). For this example mechanism, the encoder knows
the value d at the time of encoding. Nevertheless, if the
decoder does not have d decoding units, lossless decod-
ing is still achievable.
[0076] In this example let p be the LPS probability of
source k. The overhead of output sequence k is seen to
be OH(k)=8∗|C(L(k))|-4∗log(1-p))+4, where |C(v)| is the
number of bytes representing value v using the prefix
codes described above. If there is a source m with LPS
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probability q, for which OH(k)>N(k)∗[p∗log(p/q)+(1-
p)log((1-p)/(1-q))], where N(k) is the number of binary
symbols in the output of source k, then we merge the
output of source k with that of source m, and use LPS=q
for the merged sequence. This process can be repeated
as long as OH(k)/N(k) is greater than the relative entropy
between some sources k and m.

Context Modeling with Reordering

[0077] Those skilled in the art will appreciate from the
above description of parallel coding and decoding of sub-
sequences that the bottleneck in such an encoder or de-
coder may be the context modeling. In both the encoder
and decoder, the context modeling process consumes
bits one at a time. For example, at the encoder 200 shown
in Figure 4, the input sequence x 102 is processed by
the context modeling component and demultiplexer 204
bit-by-bit. Specifically, for each successive bit in the input
sequence x 102, its context is first determined based on
the predetermined model implemented within the encod-
er 200. The probability associated with that bit is then
determined based on the history of bits having the same
context. In other words, with many context modeling
schemes, the assessment of probability is based on the
bit history specific to that context. Another bit with a dif-
ferent context has a different bit history.
[0078] In this manner, the context modeling compo-
nent and demultiplexer 204 finds the context and then
the probability for each bit in turn. It will be appreciated
that the subsequences (b1, b2, ..., bN) associated with
each probability may include bits that have different con-
texts. The decoder 300 (Fig. 5) uses the same context
modeling to reassemble and interleave the decoded bits
into the reconstructed sequence 310 (Fig. 5). The context
modeling component and multiplexer 308 (Fig. 5) deter-
mines the context for the next bit, and based on the bit
history for that context, it determines the probability as-
sociated with the next bit. From that determination of the
probability the context modeling component and multi-
plexer 308 selects the next decoded bit associated with
that probability. On this basis, it interleaves bits one-by-
one to create the reconstructed sequence 310.
[0079] In accordance with one aspect of the present
application, the context modeling is revised to incorpo-
rate a reordering process that permits the context mod-
eling to occur in parallel to some degree. The input se-
quence is reordered into groups of bits, no group being
larger than M bits, where each group can be processed
by a context modeling component in parallel, i.e. the up-
to-M bits are processed in parallel.
[0080] The reordering is performed at the encoder and
decoder. The reordering is dependent upon the context
model, and not the content of the input sequence, so the
reordering schedule may be determined offline.
[0081] There are two conditions imposed on each of
the groups of bits. First, each bit in a group of bits has a
different context from each of the other bits in the group.

In other words, the groups of bits are formed in the reor-
dering schedule such that no group will contain two bits
having the same context. This condition prevents a cyclic
problem in which two bits from the same context cannot
be assessed in parallel since the probabilities assigned
to those two bits will depend on the bit history for that
context. If there is more than one bit from the same con-
text in the group, they cannot be assigned probabilities
in parallel since at least one of them will change the bit
history for the other one. Accordingly the groups of bits
are formed in the reordering schedule such that no group
of bits has two bits with the same context.
[0082] The second condition is that the context of each
bit in a group of bits may be determined independently
from the other bits in the group. In other words, the context
of each bit in the group must be determinable without
reference to the other bits in the group. If the context of
a bit in the group depends upon the content/value of any
other bit in the group, then the second condition is not
met.
[0083] The reordering schedule is created offline so as
to avoid violating the two conditions. In this context, offline
means at any time prior to the encoding or decoding proc-
esses as opposed to during the encoding or decoding
processes.
[0084] A reordering schedule can also be described
as follows. For convenience, we may write the input se-
quence Xi as X[i] and the context of each bit ci as c[i].
For the sequence X = X0X1...Xn-, instead of using the
natural order 0, 1, 2, 3, ..., n-1, the reordering schedule
intends to find a new coding order j0, j1, ..., jn-1 such that
the following conditions are satisfied: There exists an in-
teger K, 0 <= K <n/M, such that for all k <= K

(1) X[jkM] X[jkM+1] ... X[j(k+1)M-1] all have distinct con-
texts c[jkM] c[jkM+1]... c[j(k+1)M-1], and

(2) The derivations of c[jkM], c[jkM+1], ..., and
c[j(k+1)M-1] do not depend upon X[jkM] X[jkM+1] ...
X[j(k+1)M-1].

[0085] As such, the present application provides a
method to discover the intrinsic parallelism in the given
context model.
[0086] What follows is a description of at least one ex-
ample method or process for developing the reordering
schedule so as to comply with the two conditions for a
given context model.
[0087] The process begins with a given context model,
since the reordering schedule is specific to a context
model. Let X=X0X1...Xn-1 denote the random sequence
to be encoded. Suppose that we would like to process
M bits simultaneously in context modelling at the decod-
er. The solution determines a coding order for X. Let F
denote an ordered buffer of length M, let ci denote the
context for Xi determined by the given context model,
and let z denote a length n integer sequence. The follow-
ing example process may be used to generate the reor-
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dering schedule:

Step 1: Set j=0, j’ = 0, and initialize z so that zi=-1 for
all 0 <= i < n.

Step 2: Set i=j, k=0, and j=n. Initialize F to be empty.

Step 3: If zi > 0, go to Step 5; otherwise continue to
Step 4.

Step 4: If cj does not depend upon any symbols in
F, do the following:

insert Xi into F;

set k=k+1;

set zi= j’ and j’=j’+1;

If cj depends on any symbol in F, do the following

if i < j; set j=i.

Step 5: Set i=i+1;

Step 6: Repeat Steps 3-5 until k=M or i=n.

Step 7: if k= M and j < n, empty F, and go to Step 2;
otherwise continue to Step 8.

Step 8: Set i = j;

Step 9: If zi > 0, go to Step 11; otherwise continue
to Step 10.

Step 10: Set zi=j’ and j’=j’+1;

Step 11: set i=i+1;

Step 12: Repeat Steps 9-11 untilj’=n.

[0088] It will be appreciated that the foregoing process
is one example embodiment of a process for realizing a
reordering schedule for a given context model that sat-
isfies the two conditions set out above for enabling par-
allel context modeling.
[0089] It will be appreciated that the process described
above can be refined so that the coding order can be
partitioned into consecutive segments with various par-
allelism. For example, the first segment allows for
processing M bits in parallel, the second segment allows
for processing M-1 bits in parallel, and so on.
[0090] In one example implementation, the process
may begin with a maximum desired number of bits M for
the groups of bits. The sequence X with the given context
model may be analyzed to find all possible groups of
length M that meet the two conditions. The group of bits
length may then be shortened until all bits of the se-

quence X are a member of a group, and the groups may
have lengths that vary from 1 to M. An example process
may be as follows:

Step 1: Set M = 16.

Step 2: Form all possible groups of bits of length M
from the bits of the input sequence, where the groups
each meet the two conditions.

Step 3: Set M=M-1.

Step 4: Repeat Steps 2 and 3 until M=0.

[0091] Further, since the reordering schedule is deter-
mined offline, one can also use exhaustive search to find
the best reordering for a given context model in terms of
throughput in parallel processing.
[0092] Even further, in the case where there are sev-
eral competing context models, the present reordering
process or its variations may be used to find the reorder-
ing schedule that has better throughput than others in
parallel processing.
[0093] It should be pointed out that the process de-
scribed herein or its variations may be used to improve
error resiliency.
[0094] It will also be noted that here the concept of
context is general, including coding decisions. For exam-
ple, in CABAC of the H.264 AVC standard, a last bin
decision signifying whether the current position is the last
significant position is encoded only when the significant
bit at the same position is set. Thus, although the context
model specified in the H.264 AVC standard does not ref-
erence the significant bit, in the above solution the context
model is extended so that such dependency is reflected
in the reordering schedule.
[0095] Reference is now made to Figure 10, which
shows, in flowchart form, an example method 600 for
reordered entropy coding. In this example embodiment,
the encoder is configured to perform parallel entropy cod-
ing, although the present application is not restricted to
parallel entropy coding. The method 600 begins with re-
ceipt of the input sequence in step 602. The input se-
quence is a sequence of symbols belonging to a finite
alphabet; in this example embodiment, the sequence is
binary.
[0096] The sequence is reordered in step 604 to form
a reordered sequence. The reordering is based on a re-
ordering schedule that meets the two conditions set out
above for a given context model. As discussed above,
the reordering schedule is predetermined for the given
context model. The reordered sequence, so formed, is
composed of concatenated groups of bits that meet the
two conditions.
[0097] Each group of bits is then processed in parallel
so as to assign the bits to the appropriate entropy coder.
Specifically, as noted in step 606, for each group of bits,
the context of each bit is determined in parallel. Each bit
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is then associated with a probability based on its context
and the bit history for that context. The determination of
context and association with a probability occurs in par-
allel for the bits in the group. Each of the bits is then
assigned to the appropriate entropy coder based on its
associated probability.
[0098] In step 608, the parallel entropy coders encode
the bits in parallel to produce a bitstream of encoded data
as described earlier.
[0099] The example process in Figure 10 presumes
parallel entropy coding. It will be understood that the re-
ordered context modeling described herein does not nec-
essarily involve parallel entropy coding. Reordered con-
text modeling improves the throughput of the context
modeling aspect of the encoding process; the entropy
coding of inputs bits using that context information may
be parallel or serial. For example, the reordered context
modeling can be used with CABAC in H.264.
[0100] The description of an example decoding proc-
ess below also presumes the use of parallel entropy de-
coders. It will be understood that the present application
is not limited to parallel entropy decoding. The reordered
context modeling described below can be used with par-
allel or serial entropy decoding.
[0101] Reference is now made to Figure 11, which
shows, in flowchart form, an example method 700 for
decoding an encoded bitstream using reordered context
modeling. The method 700 begins with receipt of the en-
coded bitstream in step 702. As described above, the
encoded bitstream may be entropy decoded to produce
a plurality of decoded subsequences each associated
with a particular probability, as indicated in step 704. In
the present embodiment, the decoding may occur using
a number of parallel entropy decoders to produce the
plurality of decoded subsequences. In another embodi-
ment, the decoder may use a serial entropy decoder to
produce a single decoded sequence.
[0102] In step 706, an intermediate sequence is gen-
erated using context modeling to assign bits from the
decoded subsequences to the intermediate sequence,
thereby interleaving them to recreate or reconstruct the
"reordered" input sequence. In other words, the interme-
diate sequence is the plurality of concatenated groups
of bits. To reconstruct the groups of bits, step 706 in-
volves determining the context for each bit in the next
group of bits, i.e. the context for each bit position in the
group of bits. Using that context and the bits history as-
sociated with that context, the probability associated with
that bit position is then determined. It will be understood
that the determination of the context of each bit position
in the group and the association of a probability with that
bit position is performed in parallel for the bits in a group.
On the basis of the associated probabilities for the bit
positions, bits from the decoded subsequences are then
assigned to those positions to form and output the group
of bits. The next group of bits is then generated in a similar
manner.
[0103] The intermediate sequence so formed, is then

reordered in step 708 on the basis of the same reordering
schedule used at the encoder. The reordering schedule
describes how the groups of bits are to be reordered to
form the reconstructed sequence. The reconstructed se-
quence is then available for the remainder of the decod-
ing process, such as dequantization, inverse transforma-
tion, motion or spatial compensation, etc.
[0104] It will be understood that an intermediate se-
quence is not necessarily formed in the case of serial
entropy decoding. A method for decoding may include
decoding the bitstream to produce decoded groups of
bits. For each group the decoding to produce that group
of bits is based upon a context modeling process. The
context modeling process may exploit the available par-
allelism in the reordered groups of bits if they have been
so encoded. Accordingly, for each group of bits the de-
coder determines a context and associates a probability
with that bit based on its context. It may do so in parallel
for all bits in the group of bits provided the two conditions
outlined above are met by the group of bits. That is, the
context of each of the bits in that group of bits is different
from the context of each of the other bits in that group,
and the context of each of the bits in that group is deter-
mined independently from each of the other bits in that
group. The reordering schedule that was developed of-
fline for the particular context model and that used in the
encoding process is known to the decoder. The decoder
is thus able to reorder the decoded bits of the groups of
bits based on the reordering schedule to return the bits
to their natural order and thus produce the reconstructed
sequence of bits.
[0105] Reference now made to Figure 8, which shows
a simplified block diagram of an example embodiment of
an encoder 900. The encoder 900 includes a processor
902, memory 904, and an encoding application 906. The
encoding application 906 may include a computer pro-
gram or application stored in memory 904 and containing
instructions for configuring the processor 902 to perform
steps or operations such as those described herein. For
example, the encoding application 906 may encode and
output video bitstreams encoded in accordance with the
parallel entropy encoding process described herein. The
encoding application 906 may include an entropy encod-
er 26 configured to entropy encode input sequences and
output a bitstream using one or more of the processes
described herein. It will be understood that the encoding
application 906 may be stored in on a computer readable
medium, such as a compact disc, flash memory device,
random access memory, hard drive, etc.
[0106] In some embodiments, the processor 902 in the
encoder 900 may be a single processing unit configured
to implement the instructions of the encoding application
906. In some other embodiments, the processor 902 may
include more than one processing unit capable of exe-
cuting instructions in parallel. The multiple processing
units may be logically or physically separate processing
units. In some instances, the encoder 900 may include
N or more processing units, wherein N of the processing
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units are configured by the encoding application 906 to
implement the methods described herein. It will further
be appreciated that in some instances, some or all op-
erations of the encoding application 906 and one or more
processing units may be implemented by way of appli-
cation-specific integrated circuit (ASIC), etc.
[0107] Reference is now also made to Figure 9, which
shows a simplified block diagram of an example embod-
iment of a decoder 1000. The decoder 1000 includes a
processor 1002, a memory 1004, and a decoding appli-
cation 1006. The decoding application 1006 may include
a computer program or application stored in memory
1004 and containing instructions for configuring the proc-
essor 1002 to perform steps or operations such as those
described herein. The decoding application 1006 may
include an entropy decoder 1008 configured to receive
a bitstream encoded in accordance with the entropy en-
coding process described herein, and to extract encoded
data from the bitstream. In some embodiments, the de-
coding application 1006 may configure the processor to
decode the encoded subsequences in parallel to produce
parallel decode sequences and to interleave the symbols
of the decode sequences to produce a reconstructed se-
quences, as described herein. It will be understood that
the decoding application 1006 may be stored in on a com-
puter readable medium, such as a compact disc, flash
memory device, random access memory, hard drive, etc.
[0108] In some embodiments, the processor 1002 in
the decoder 1000 may be a single processing unit con-
figured to implement the instructions of the decoding ap-
plication 1006. In some other embodiments, the proces-
sor 1002 may include more than one processing unit ca-
pable of executing instructions in parallel. The multiple
processing units may be logically or physically separate
processing units. In some instances, the decoder 1000
may include d, N or more or fewer processing units,
wherein the processing units are configured by the de-
coding application 1006 to operate as parallel entropy
decoders for implementing the methods described here-
in. It will further be appreciated that in some instances,
some or all operations of the decoding application 1006
and one or more processing units may be implemented
by way of application-specific integrated circuit (ASIC),
etc.
[0109] It will be appreciated that the decoder and/or
encoder according to the present application may be im-
plemented in a number of computing devices, including,
without limitation, servers, suitably programmed general
purpose computers, set-top television boxes, television
broadcast equipment, and mobile devices. The decoder
or encoder may be implemented by way of software con-
taining instructions for configuring a processor to carry
out the functions described herein. The software instruc-
tions may be stored on any suitable computer-readable
memory, including CDs, RAM, ROM, Flash memory, etc.
[0110] It will be understood that the encoder and de-
coder described herein and the module, routine, process,
thread, or other software component implementing the

described method/process for configuring the encoder
may be realized using standard computer programming
techniques and languages. The present application is
not limited to particular processors, computer languages,
computer programming conventions, data structures,
other such implementation details. Those skilled in the
art will recognize that the described processes may be
implemented as a part of computer-executable code
stored in volatile or non-volatile memory, as part of an
application-specific integrated chip (ASIC), etc.
[0111] Certain adaptations and modifications of the de-
scribed embodiments can be made. Therefore, the above
discussed embodiments are considered to be illustrative
and not restrictive.

Claims

1. A method for encoding of an input sequence of bits,
the method comprising:

reordering (604) the input sequence into groups
of input bits in accordance with a predetermined
reordering schedule;
for each group (102) of input bits;

determining (606), in parallel, a context for
each of the input bits in the group of input
bits and associating a probability with that
bit based on its context, wherein the context
for each of the input bits in the group is dif-
ferent from the context of each of the other
input bits in the group, and the context of
each of the input bits in the group is deter-
mined independently from the other input
bits in the group wherein the probability is
the probability that the bit will be a Least
Probable Symbol, LPS;
assigning each bit in the group of input bits
to one of a plurality of N sources based on
its associated probability, each of the N
sources building up a subsequence of bits
assigned to it;
entropy encoding (608) the input bits in each
of the N subsequences using its own entro-
py encoder (206), the plurality of encoders
being arranged in parallel with one another,
different encoders using different coding
schemes, to generate a plurality of N en-
coded subsequences each being encoded
using a different coding scheme;
multiplexing the plurality of N encoded sub-
sequences to generate a single bitstream
(208) of encoded data.

2. The method claimed in claim 1, the encoded subse-
quence being accompanied by an indicator that re-
flects the subsequence associated probability, and
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preferably wherein the indicator that reflects the sub-
sequence associated probability is placed within a
prefix or suffix to the encoded subsequence.

3. The method claimed in claim 1, the single bitstream
of encoded data being accompanied by an indicator
that reflects the associated probability to each of the
N encoded subsequences.

4. The method claimed in claim 1, wherein the reorder-
ing schedule defines the groups of input bits into
which the bits of the input sequence are allocated in
the reordering.

5. The method claimed in claim 4, wherein the reorder-
ing schedule is determined offline and is based upon
a predefined context model, wherein optionally the
method further comprises defining the reordering
schedule.

6. The method claimed in claim 1, wherein the plurality
of N encoded subsequences comprising the bit-
stream are placed in a predetermined order within
the generated bitstream.

7. An encoder for encoding an input sequence of sym-
bols, the symbols belonging to a finite alphabet, the
encoder comprising:

a processor;
a memory; and
an encoding application stored in memory and
containing instructions for configuring the proc-
essor to carry out the method of any one of
claims 1 to 6.

8. A computer readable medium storing computer-ex-
ecutable instructions for configuring a processor to
perform the method claimed in any one of claims 1
to 6.

Patentansprüche

1. Verfahren zum Codieren einer Eingangssequenz
von Bits, das Verfahren Folgendes umfassend:

Umordnen (604) der Eingangssequenz in Grup-
pen von Eingangsbits gemäß einem vorbe-
stimmten Umordnungsplan;
für jede Gruppe (102) von Eingangsbits;
paralleles Bestimmen (606) eines Kontexts für
jedes der Eingangsbits in der Gruppe von Ein-
gangsbits und Zuordnen einer Wahrscheinlich-
keit zu diesem Bit basierend auf seinem Kontext,
wobei sich der Kontext für jedes der Eingangs-
bits in der Gruppe von dem Kontext jedes der
anderen Eingangsbits in der Gruppe unterschei-

det, und wobei der Kontext jedes der Eingangs-
bits in der Gruppe unabhängig von den anderen
Eingangsbits in der Gruppe bestimmt wird, wo-
bei die Wahrscheinlichkeit die Wahrscheinlich-
keit ist, dass das Bit ein Least Probable Symbol,
LPS, sein wird;
Zuweisen jedes Bits in der Gruppe der Ein-
gangsbits zu einer von einer Vielzahl von N
Quellen auf der Grundlage seiner zugehörigen
Wahrscheinlichkeit, wobei jede der N Quellen
eine Untersequenz der ihr zugewiesenen Bits
aufbaut;
Entropie-Codierung (608) der Eingangsbits in
jeder der N Untersequenzen unter Verwendung
seines eigenen Entropie-Codierers (206), wobei
die mehreren Codierer parallel zueinander an-
geordnet sind und verschiedene Codierer ver-
schiedene Codierungsschemata verwenden,
um eine Vielzahl von N codierten Untersequen-
zen zu erzeugen, die jeweils unter Verwendung
eines anderen Codierungsschemas codiert
werden;
Multiplexen der Vielzahl von N codierten Unter-
sequenzen, um einen einzigen Bitstrom (208)
codierter Daten zu erzeugen.

2. Verfahren nach Anspruch 1, wobei die codierte Un-
tersequenz von einem Indikator begleitet wird, der
die mit der Untersequenz verbundene Wahrschein-
lichkeit widerspiegelt, und wobei der Indikator, der
die mit der Untersequenz verbundene Wahrschein-
lichkeit widerspiegelt, vorzugsweise innerhalb eines
Präfixes oder Suffixes zu der codierten Unterse-
quenz platziert wird.

3. Verfahren nach Anspruch 1, wobei der einzelne Bit-
strom codierter Daten mit einem Indikator versehen
ist, der die zugehörige Wahrscheinlichkeit für jede
der N codierten Untersequenzen widerspiegelt.

4. Verfahren nach Anspruch 1, wobei der Umord-
nungsplan die Gruppen von Eingangsbits definiert,
denen die Bits der Eingangssequenz bei der Umord-
nung zugeordnet werden.

5. Verfahren nach Anspruch 4, wobei der Umord-
nungsplan offline bestimmt wird und auf einem vor-
definierten Kontextmodell basiert, wobei das Verfah-
ren optional weiterhin das Definieren des Umord-
nungsplans umfasst.

6. Verfahren nach Anspruch 1, wobei die Vielzahl von
N codierten Untersequenzen, die den Bitstrom bil-
den, in einer vorbestimmten Reihenfolge innerhalb
des erzeugten Bitstroms angeordnet werden.

7. Codierer zum Codieren einer Eingangssequenz von
Symbolen, wobei die Symbole zu einem endlichen
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Alphabet gehören, der Codierer Folgendes umfas-
send:

einen Prozessor;
einen Speicher; und
eine Codieranwendung, die im Speicher gespei-
chert ist und Anweisungen zum Konfigurieren
des Prozessors enthält, um das Verfahren nach
einem der Ansprüche 1 bis 6 auszuführen.

8. Computerlesbares Medium, das computerausführ-
bare Anweisungen zur Konfiguration eines Prozes-
sors speichert, um das in einem der Ansprüche 1 bis
6 beanspruchte Verfahren durchzuführen.

Revendications

1. Procédé de codage d’une séquence d’entrée de bits,
le procédé comprenant :

le réordonnancement (604) de la séquence
d’entrée en groupes de bits d’entrée conformé-
ment à un programme de réordonnancement
prédéterminé ;
pour chaque groupe (102) de bits d’entrée ;

la détermination (606), en parallèle, d’un
contexte pour chacun des bits d’entrée
dans le groupe de bits d’entrée et l’associa-
tion d’une probabilité à ce bit sur la base de
son contexte, dans lequel le contexte pour
chacun des bits d’entrée dans le groupe est
différent du contexte de chacun des autres
bits d’entrée dans le groupe et le contexte
de chacun des bits d’entrée dans le groupe
est déterminé indépendamment des autres
bits d’entrée dans le groupe, la probabilité
étant la probabilité que le bit sera un sym-
bole peu probable, LPS ;
l’affectation de chaque bit du groupe de bits
d’entrée à l’une d’une pluralité de N sources
sur la base de sa probabilité associée, cha-
cune des N sources développant une sous-
séquence de bits qui lui est affectée ;
le codage entropique (608) des bits d’entrée
dans chacune des N sous-séquences au
moyen de son propre codeur entropique
(206), la pluralité de codeurs étant disposés
en parallèle les uns avec les autres, diffé-
rents codeurs utilisant différents schémas
de codification, servant à générer une plu-
ralité de N sous-séquences codées chacu-
ne étant codée au moyen d’un schéma de
codification différent ;
le multiplexage de la pluralité de N sous-
séquences codées servant à générer un
simple train de bits (208) de données co-

dées.

2. Procédé selon la revendication 1, la sous-séquence
codée étant accompagnée d’un indicateur qui reflète
la probabilité associée à la sous-séquence, et de
préférence dans lequel l’indicateur qui reflète la pro-
babilité associée à la sous-séquence est placé à l’in-
térieur d’un préfixe ou suffixe de la sous-séquence
codée.

3. Procédé selon la revendication 1, le simple train de
bits de données codées étant accompagné d’un in-
dicateur qui reflète la probabilité associée à chacune
des N sous-séquences codées.

4. Procédé selon la revendication 1, dans lequel le pro-
gramme de réordonnancement définit les groupes
de bits d’entrée dans lesquels les bits de la séquence
d’entrée sont alloués dans le réordonnancement.

5. Procédé selon la revendication 4, dans lequel le pro-
gramme de réordonnancement est déterminé hors
ligne et est basé sur un modèle de contexte prédéfini,
dans lequel le procédé comprend facultativement en
outre la définition du programme de réordonnance-
ment.

6. Procédé selon la revendication 1, dans lequel la plu-
ralité de N sous-séquences codées comprenant le
train de bits sont placées dans un ordre prédétermi-
né à l’intérieur du train de bits généré.

7. Codeur servant au codage d’une séquence d’entrée
de symboles, les symboles appartenant à un alpha-
bet fini, le codeur comprenant :

un processeur ;
une mémoire ; et
une application de codage stockée en mémoire
et contenant des instructions servant à la confi-
guration du processeur pour exécuter le procé-
dé de l’une quelconque des revendications 1 à 6.

8. Support lisible par ordinateur stockant des instruc-
tions exécutables par ordinateur servant à la confi-
guration d’un processeur pour exécuter le procédé
revendiqué dans l’une quelconque des revendica-
tions 1 à 6.
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